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I Inlnxliiclion
Ail LLju.iiinii n l s ta le  (H O vS ) lo r  s o lid s  can  be re p rc s c n ie d  by the  
ii'lluvv iiitf te la lio iis h ip  | 1 1
ill ( 1 )
2 . M e th o d  o f  a n a ly s is
V m e l  c t  a l  [2 \  o b la m c d  an H O S  fo r  s o lid s  c o n s id e r in g  ih e  
in lc ra to n iic  p o te n tia l e n e rg y  to  d e p e n d  on in le ra to n iic  d is tan c e  
r  as (1 +  a r )  e x p  ( “  hr) ,  w h e re  ci an d  h a re  co n s la n is  fo r  a g iv e n  
s o lid  'Phe E O S  thus o b ta in e d  is g iv e n  as fo llo w s
u!icu h( \ [  / )  re p re s e n ts  th e  to ta l p re s s u re  as a fu n c t io n  o l 
‘'Iwiiic \ and te m p e ra tu re  T, H {V, 7 ’ , ) g iv e s  (he re la t io n s h ip  
Imaccii [)iessure  a n d  v o lu m e  a t T -  Ih e  in i t ia l  te m p e ra tu re  
u a m I Iv laken  to  be th e  ro o m  Ic m p e ra lu r e  ( 3 0 0  K ) .  T h e  last te rm  
W;, in e c |u a lio n  ( I ) is th e  d i f fe r e n c e  b e tw e e n  the va lu e s  o f  
in u l p iessure  at tw o  te m p e ra tu re s  7 ’ an d  7^,, /.e .
‘ ' " y , - / ^ r / , ( n - P , / , ( 7 o ) .  (2 )
Al /c m  p ressu re  P  { V , T ) ^  0 ,  e q . ( 1 )  is re d u c e d  lo
^^iii  0 )
ihc p resen t s tu d y , w e  e s t im a te  th e  v a lu e s  o f  A  P,f, fo r  tw o  
li.ilidcs an d  s ix  g e o p h y s ic a l m in e ra ls  u s in g  cq . ( 3 )  and  
kAirig / '  (V', 7 ’^ )^ b a sed  o n  tw o  p h e n o m e n o lo g ic a l E O S s  d u e  to  
( / III |2 |  an d  S h a n k e r  e t a l  [3J . T h e  m e th o d  o f  a n a ly s is  is 
in S e c tio n  2 . R e s u lts  a re  d is c u s s e d  an d  c o m p a re d  
^^ ’ihc’xpcrin jcritd l d a ta  [4 ]  in  S e c tio n  3 .
P{V,T(A'-^  3A '(,.v ‘ “ ( ! - A ) c x p - ( ^ o - l ) O - v ) (4)
w h e re  an d  arc  the is o th e rm a l b u lk  m o d u lu s  and  its  
p ressure  d e r iv a t iv e , b o th  at P  -  0 , an d  a  =  { VI V^y ^\  I t  has 
re c e n tly  b een  p o in te d  ou t b y  vSlacey 15) th a t eq . ( 4 )  has a lre a d y  
b e en  d e r iv e d  fro m  the R y d b e rg  p o te n tia l |6 |  and re p o rte d  by  
S tac ey  e t a l  [7 ]  m u c h  c£u iic r than  V in c i  e t a l  [ 2 | .  E q . ( 4 )  has been  
fo u n d  lo  be d o s e  lo  the  c o n c e p t o l u n iv e rs a l e q u a tio n  o f state. 
A n  E O S  is tru ly  u n iv e rs a l o n ly  w h e n  it is su ccess lu l Iro m  lo w  to 
u ltra -h ig h  pressures to r  a ll typ e s  o f  s o lid s  ir ie s p e c liv c  o f  th e ir  
c h e m ic a l bond s [KJ T h u s  a u n iv e rs a l E O S  is a p p lic a b le  for 
d if fe re n t  typ e s  o f  so lid s  su ch  as m e ta ls , n o n -m e ta ls , rare  gas  
so lid s  an d  g e o p h y s ic a l m in e ra ls .
R e c e n tly , S h a n k e r  ef a l  [3 , 9 ]  h a v e  o b ta in e d  an E O S  u s in g  
th e  v o lu m e  d e p e n d e n c e  o f  sh o rt ran g e  fo rc e  co n s tan t based on  
in te ra to m ic  p o te n t ia l e n e rg y . T h e  re s u lts  o b tia n c d  fro m  th e
0 2 0 0 2  lA C S
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S h a n k e r  E O S  h a v e  b e en  fo u n d  to  be in  c lo se  a g re e m e n t w ith  
those based  on  the  V in c t  E O S . "rhe S h a n k e r  E O S  is e x p re s s e d  as 
f o l lo w s ;
4/^
1 - -  4- y  I {e x p  ( O ' ) - 1}
4-v| 14- V -  -  Ic x p  ( /V )  I , (5 )
w h e re  f -  ^7) ~  ^  an d  y  =  \ -  ( V /V^)) .  
E q . ( 3 )  and  ( 4 )  y ie ld
= - 3 A : o \ ^ ( I -  v ) c x p  
S im ila r ly , eqs. ( 3 )  an d  ( 5 )  g iv e
(6)
.4 P„. -
- K „ { v / v , , y ^
4/1 I 2 1 
I- |{exp(0')-l}
+  v |  1 +  V I e x p  ( n  ) (7)
T a b le  2. Values o f  I h e rn ia l pressure APfp, (G P a) versus temperuturc f  
fo r  N a C l and K C I (a ) C a lcu la te d  fro m  eq. (6 ), (b ) C a lc u la it i 
(7 ) (c ) B used on e x p e r im e n ta l data  [4 ] 4^
S olid
E q s . ( 6 )  an d  ( 7 )  re p re s e n t th e  re la t io n s h ip  b e tw e e n  th e rm a l  
pressure  an d  c h a n g e  in  v o lu m e  w ith  te m p e ra tu re  a lo n g  an is o b a r  
at =  0 1 1()|. V a lu e s  o f  A  ca n  be c a lc u la te d  w ith  the  h e lp  ot 
eq . ( 6 )  o r  ( 7 )  u s in g  the v a lu e s  o f  w h e re  V is  the  v o lu m e  at 
le m |x ;ra lu rc  7 ’and is the v o lu m e  at T -  'l\y the ro o m  te m p era tu re
(3 (X )K )
3. Results and discussion
A n d e rs o n  [ 4 |  has re p o r te d  th e  v a lu e s  o l d e n s ity  b a sed  on  
e x p e i im e n la l  m e a s u re m e n ts  fo r  N a C I ,  K C I ,  M g O ,  C a O , A l^ O , ,  
M g ,  S iO ^ , G ro s s u la r  G a rn e t  an d  p y ro p e  G a rn e t  u p to  q u ite  h ig h  
te m p e ra tu re s . V a lu e s  o f  V/V^  ^a rc  o b ta in e d  fro m  the  d e n s ity  d a ta  
u s in g  the re la t io n s h ip  (W V ^ j)=  p )  w h e re  is the d e n s ity  
p  at r  =  Tjj. V a lu e s  o l in p u t d a ta  on an d  K[) are  g iv e n  m  
T a b le  1. T h e  v a lu e s  o f  th e iT n a l p res su re  A  A*,,, c a lc u la te d  f ro m  
eq s. ( 6 )  an d  ( 7 )  a re  re p o rte d  in  T a b le s  2 -5  a lo n g w ith  th e  v a lu e s
VA^, (O Pu)
( K ) (a ) (b ) U )
3 0 0 1 0 0 0
3.50 1 0(361 0 1 4 3 6 0 .1 4 3 6 n U
N a C l 4 0 0 1 0 1 2 7 0 2 9 2 8 0 .2 9 2 8 n
4 5 0 1 01*34 0  4 3 7 9 0 4 3 7 9 0 31
5 0 0 1 0 2 6 1 0 ,5 7 6 8 0 5 7 6 9 1) 57
5 5 0 1 0 3 3 5 0  7 2 3 5 0  7 2 3 6 0 71
6 0 0 1 0 4 1 0 0  86 5 1 0 8 6 5 4 1)
6 5 0 1 0 4 K 6 1 0 0 1 6 I 0 0 2 2 1)
7 0 0 1 0 5 6 8 1 1 4 1 5 1 1 424 1 1 i
7 5 0 I 0 6 5 6 1 2 8 3 5 1 2 8 4 7 ,1 27
3 0 0 1 0 0
\"
3 5 0 1 0 0 5 6 0 .0 9 3  5 0 09  35 d O')
4 0 0 1 0 1 1 7 0  1 9 1 6 0  1916 1) \in
4 5 0 1 0 1 7 5 0  2 8 1 3 0  2 8 1 3 0
5 0 0 1 0 2 4 3 0  .1822 0 3 8 2 2 0
K C I 5 5 0 I 0 3 0 7 0 4 7 3 2 0 47  H 0 17
6 0 0 1 0 3 7 7 1) 5 6 8 4 0  5 6 8 6 0  5(,
6 5 0 1 0 4 4 8 0  6 6 0 6 0  6 6 0 8 0 6 i
7 0 0 1 0 5 2 6 0  7 5 6 9 0 7 5 7 4 0 /s
7 S 0 1 0 6 0 5 0 8 4 9 6 0  8 5 0 1 0 S 1
SOO 1 0 6 8 5 0  9 3  85 0 9 3 9  5 ( ) ^
S 5 0 1 0 7 7 2 1 0 2 9 8 1 (33 1 ^ 1 o :
o f  T h e  m e th o d  o l c a lc u la t in g  the  th e rm a l pressuic in 
th e  p re s e n t s tu d y  is d if fe r c n l f r o m  th a t used  b y  e a r lie r  vvorkci^ 
as r e v ie w e d  b y  A n d e r s o n  [ 4 | .  V a lu e s  o ( A  Pu, have been 
e s tim a te d  u s in g  th e  f o l lo w in g  r e la t io n s h ip  [4 , 1 1 ]
AP„ =  j a K j d T (Si
T a b ic  1. V iili ic s  o l m p iil da ia fo r  (G P a) and A",, fo r  a lk a li ha lides  and g e o ph ys ica l m in e ra ls  taken 
f io m  re fe re n c e  (4 |
N a C l K C I M g O C aO A l p , M g,S iO ^ G ro s su la r
G a rn e t
P y ro p e
G a rn e t
K „ 2 4  0 17 0 161 6 1 1 0  6 2 5 2 .0 127 3 1 6 6 .6 1 6 9 .4
K „ 5 38 5 4 6 4 15 4 85 4 ,0 4 0 4  (3 4 0
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labk- 3. Values o f  therm a l p ressu re  AP ,, ,  (G Pa) versus le inpcratum  T  and 
 ^ ini M g‘> C alcula ted fro m  cq (6 ), (b ) Calculated from  cq
, 1 ) (L) Based on e x p e rim e n ta l data [4J.
Iiilui T
(K )
VA',.
\l:0
M)() 
4 0 0  
SOO 
6 0 0  
7 00  
SOO 
900 
1000 
1 100 
1200 
1 ^00 
NOO 
1 SOO 
IfiOO 
1 7 0 0  
1 SOO
UM) 
■100 
VM) 
1)00 
7(1 0 
SOO 
9 0 0  
lOOO 
I 100 
1200
(a )
4 /)/, (GPa) 
(b )
I
1 0 0 3 3  
I 0 0 7 3  
L O I 12 
1.01.S3 
1 0 1 0 6  
1 0 2 4  
1 0 2 8 4  
1 0331 
1 0 3 7 9  
1 0 4 2 7  
I 0 4 7 6  
I 0S2K 
I 0581  
I 0 6 .^ S 
I U6 K8
1
1 0 0 3  3 
I 0 0 6 6  
I 0 1 0 6  
I 0 1 4 5  
I 0 1 8 6  
1 0 2 2 6  
I 0 2 6 7  
I 0311  
1 ,0 3 5 6
0
0  5 2 8 8
1 1578
1 7 5 8 7
2 3 7 7 5  
3 ,0 1 2 6
3 6 4 8 0
4 2691 
4 9 1 7 2  
5 ,5 6 2 9  
6 1927
6 8 1 9 7
7 4 6 7 7
8 I 104
8 7 4 7 2
9 3 5 5 0
0
0 3615  
0 7 1 6 0
1 1367 
I 5 3 7 5
1 9 4 9 0
2 34 1 0
2 7 3 3 3
3 1439 
3 5 5 2 9
0
0 .5 2 8 8
1 .1578
1 7 5 8 7
2 3 7 7 6  
3 .0 1 2 7
3 6 4 8 2
4 2 6 9 5
4 9 1 7 8
5 5 6 3 8
6 1940 
6 .8 2 1 4
7 4701
8 I I 36
8 7 5 1 3
9 3601
0
0 ,3 6 1 5
0  7 1 6 0
1 1367 
I 5 375
1 9 4 9  1
2 34 1 2
2 7 3 3 6
3 1444 
3 5 5 3 6
(c l
0
0 ,5 4  
1 12
1 73
2 35
2 98
3 61
4 24
4 87
5 50
6 12
6 74
7 16
7 97
8 58
9 20
0
0 36
0 74
1 13 
1 5 3
1 94
2 34 
2 74 
3 ,13  
3 .5 3
llBble 4. Values o l thermal pressure APf/^ (GPa) versus temperature T  and 
WV,! fo r  A l , 0 ,  and M g,S iO ^. (a) C a lcula ted from  eq ( 6 ), (b ) Calculated 
Iro n i cq  (7 ) (c ) Based on experim en ta l data f4 ]
Viikics ol A Pfi, h a v e  thus been o b ta in e d  w ith  the h e lp  o f  
usinjT e x p e rim e n ta l v a lu e s  o t*th e rm a l e x p a n s iv ity  a  and  
'''“ilin ina l b u lk  m o d u lu s  I ’he resu lts  based on  eq. (8 )  have  
in c lu d e d  in  the T a b le s  fo r  the sake o f  co m p aris o n , l l  is 
iliai ihcre is g o o d  a g re e m e n t b e tw e e n  the c a lcu la te d  and  
M’^ oincnial va lues o f  A  fo r  the so lid s  u n d e r study.
' worth m e n tio n in g  h e re  th a t th e  resu lts  o b ta in ed  in the 
study a r |j u s e f u l  f o r  in v e s t ig a t in g  f u r t h e r  th e  
b e h a v io u r  o f  io n ic  s o lid s  an d  g e o p h y s ic a l  
flic  values o f  th e rm a l p ressure c a lc u la te d  here m a y  be
Solid T
(K )
V/V^,
(a )
A /k , (GPa) 
(b ) (c )
3 0 0 1 0 0 0
4 0 0 1 0 0  1 8 0 ,4 5 1 6 0 45 1 6 0 45
5 0 0 1 004 0  9 9 8 0 0 9 9 8 0 0 98
6 0 0 1 0063 1 5 629 1 5v^29 1 55
7 0 0 1 008  3 2 04 8 8 2 0488 2 15
A l, ( ) 8 00 1 0 1 1 4 2 7924 2 792 5 2 76
9 0 0 I 014 1 4073 3 40 7 4 3 4 3
l( ) 0 (y 1 0 1 6 8 4 0 6 0 6 4 0 6 0 7 4 01
1 1 0 0 1 01 9 5 4 68  19 4 6821 4 64
1 2 0 0 1 02 2 3 5 1174 5 3177 5 23
1 1 01 ) 1 0 2 5 2 5 966.3 5 9667 5 93
1400 1 0 2 7 9 6 5620 6 ,5 6 2 5 6 59
1500 1 0 308 7 1928 7 1935 7 24
1600 1 03 37 7 8146 7.8  155 7 91
1700 1 0 364 8 3854 8 3 866 8,57
1800 1 0394 9 01 0 6 9 0121 9 24
300 1 0 0 0
4 0 0 1 0028 0 .3 5 4 0 0 .3540 0 36
5 0 0 1 0059 0 .7401 0 7401 0 75
6 0 0 1 00 9 4 1 1689 1 1689 1 16
Mg^SiO, 7 0 0 1 01 2 9 1 5903 1 5903 1 57
8 0 0 1 0 164 2 0 0 4 4 2 00 4 4 1 98
9 0 0 1 01 9 9 2 41 1 2 2 41 M 2 40
1 0 0 0 1 0 238 2 8563 2 8 564 2.83
1 1 00 1 0277 3 2 927 3 ,2 9 2 9 3 25
1 2 0 0 1 032 3 7641 3 .7 64 5 1 69
1300 1 0 363 4 22 5 4 4 2259 4 13
1400 1 0 407 4 68 7 2 4 6 8 8 0 4 50
1 500 I 0451 5 1389 5 1400 5 07
1600 1 0 498 5 6 104 5 6119 5 41
1700 1 05 4 7 6 0903 6 092.1 5 87
used to  study the th e rm a l e x p a n s iv ity  and is o th erm a l b u lk  
m od ulus  fo r the so lids under the e ffe c t o f  h igh  pressure and 
high  tem peratu re .
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T a b le  5. Values o f Ih e r ii ia l pressure (G P a j versus tc in p e ru iu re  7 and 
V7V', l i ) i  G rossu la i G arne t and P y io p e  G a riic i ta ) ra lc i i lm e d  l io m  eq (6 ) 
(b ) C \ilc u la tc d  Im m  eq ( 7 )  ( c j based  on e;< p e n  m en ia l data  (41
S o lid  T
( K )
M)()
Ciai net
G a rn e i
V /V (C.Pa)
( a ) (b ) ( e )
1) 0
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